Abstract. Field experiment was conducted at the experimental field of the Department of Horticulture, KNUST, Kumasi, Ghana to test the effects of poultry manure (PM) and NPK fertilizer on the growth and yield of garden eggs (Solanum melongena) in a sandy soil. There were five treatments with five replications. The experiment was laid in Randomized Complete Block Design. Data were collected on the following crop parameters: Plant height, leaf area index and yield. The parameters increased with increase in the rate of PM application. The mineral fertilizer on sole application did not show any significant improvement in any of the parameters. Poultry manure integrated with NPK fertilizer was found to effectively improve the growth and yield of garden eggs.
INTRODUCTION
Garden egg (Solanum melogena) is one of the major vegetables grown in West Africa. The local types as well as the aubergine (exotic types) are cultivated but the local types are more common in West African countries (Norman, 1992) . The crop is known by several names like aubergine and egg plant in Europe and United States, "bringal" in South East Asia and it is only known as garden eggs in West Africa (ObengOfori et al., 2007) . The crop is grown for either the immature fruits or leaves depending on the locality. The immature fruits are either eaten raw or cooked (PROTA, 2004) . The crop is cultivated in tropical Africa, tropical Asia, and tropical America and throughout tropical and subtropical areas (Tindall, 1983) .
The garden egg is an important vegetable due to its nutrient value. It is well adapted to the tropical climate and its growth is affected by nitrogen and phosphorus availability (Mengle and Kirkby, 1987) . Nitrogen is very important for plant growth because it is part of protein and nucleic acid which are basic component of plant protoplasm and chlorophyll, which are indispensable for photosynthesis. Phosphorus is also an essential element of plant structure as well as component of energy compound like Adenosine TriPhosphate (ATP) (Marscher, 1995) . Over supply of nitrogen has negative impact on the quality of the fruit. Both the colour and flavour of fruits may be poor and sugar and vitamin content of certain vegetables are adversely affected by excessive nitrogen. Phosphorus is needed to stimulate flowering and fruit formation while potassium is for seeds setting. NPK fertilizer is therefore needed for good crop yield in Solanum spp. cultivation (Ojo and Olufolaju, 1999) .
In order to obtain high yield of garden eggs there is the need to augment the nutrient status of the soil to meet the crop's requirement and thereby maintaining the fertility status of the soil. One of the ways of increasing the nutrient status is by boosting the soil nutrient content either with the use of organic materials such as poultry manure (PM), other animal waste, or with the use of compost with or without inorganic fertilizers (Dauda et al., 2008) . Poultry manure is relatively resistant to microbial degradation. However, it is essential for establishing and maintaining the optimum soil physical condition for plant growth. Poultry manure is also very cheap and effective as a good source of N for sustainable crop production, but its availability remains an important
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Soil in Ghana issue due to its bulky nature, while inorganic fertilizer is no longer within the reach of resource-poor farmers due to its high cost (Rahman, 2004) . However, John et al. (2004) had advocated for an integrated use of organic manure and inorganic fertilizers for the supply of adequate quantities of plant nutrients required to sustain maximum crop productivity and profitability, while minimizing environmental impact from nutrient use. The objective of this study is to evaluate the effects of PM integrated with NPK mineral fertilizer on growth and yield of garden eggs (Solanum melongena) in a sandy soil. The field was prepared by clearing the bush, ploughing and harrowing, followed by laying-out (with lines and pegs). It was then divided into 25 plots with a plot size of 2 m square. Nursery beds measuring 2 m long and 1.2 m wide were prepared. Seeds were sown thinly in rows of 10 cm apart. The seeds were nursed in June and transplanted in July. The seed beds were watered and covered with mulch after sowing. After germination the mulch was removed and an artificial shade (in the form of a shed) was constructed with palm fronds to protect the young seedlings against sunshine. The seedlings were pricked out to avoid overcrowding. The seedlings were watered until they reached transplanting stage. There were five treatments in the experiment with five replications (Table 2 ). The Randomize Complete Block Design was used in designing the experiment. The seedlings were transplanted when they were about five weeks old. The seedlings were watered before uprooting for transplanting to soften the soil for easy lifting. The seedlings were lifted and sent to the field for transplanting and watered copiously. The plants were spaced 50 cm by 50 cm with a total of 15 plants per plot.
MATERIALS AND METHODS

Study area
The plot was cleared of weeds three times to prevent weeds from competing with the crop for nutrients, sunlight and water. The plants were also watered as and when necessary. The plants were also sprayed with insecticide (Cyprus) to prevent insect attack. Surface (0-15 cm) soil samples were taken from each plot before the start of the experiment. The samples were bulked and air-dried for routine analysis as described by Carter (1993) . Organic matter (OM) was determined by Walkley-Black dichromate digestion method (Nelson and Sommers, 1982) and total soil nitrogen was determined by the Kjeldahl method (Bremner and Mulvancy, 1982) . Available P was determined by Bray-1 method. Exchangeable K + , Ca + and Mg + were extracted using ammonium acetate. Potassium was determined using the flame photometer and Ca and Mg by EDTA titration. The soil pH in 0.01 M CaCl 2 was determined using a glass electrode.
Air-dried and ground manure samples were sieved through 2 mm sieve and ignited at 450 o C for 2 h, the ash was extracted with HCl. The P was determined by ammonium molydate/ammonium vanadate method and K by flame photometry and Ca and Mg by EDTA titration. Determination of N was by the Kjeldahl method after ignition of samples.
Plant height was measured one week after transplanting. Height measurements were then continued every week until the plant started fruiting. The leaf area was also taken on the same days. The leaf length (L) and width (W) were measured and multiplied with constant of 0.8 to get the leaf area (A). A = L×W×0.8. The fruits were harvested at maturity at every week and weighed.
The data collected on various parameters were subjected to analysis of variance using Genstat software programme (2008) . The means were separated using Least Significant Difference (LSD) at 5% probability level.
RESULTS
The effects of soil amendments on plant height
In the first week all the treatments gave plant height of approximately 7 cm. In the second week's the application of 9 t ha -1 PM + NPK gave the highest plant height value of 11.8 cm and the control gave the lowest value of 9.5 cm. The plant height values of 10.4, 10.9, and 10.1 cm were recorded for 5 t ha -1 PM + NPK, 7 t ha -1 PM + NPK and NPK fertilizer treatments respectively. The plant height obtained from the application of 9 t ha -1 PM + NPK was significantly higher than the control (no application of amendment) but did not differ from the other treatments. In the third week the following were recorded: 15.1 cm, 15.8 cm, 16.7 cm, 14.2 cm, and 11.7 cm for 5 t ha -1 PM + NPK, 7 t ha -1 PM + NPK, 9 t ha -1 PM, NPK fertilizer and control, respectively. The 9 t ha -1 PM was significantly higher than the control and the NPK fertilizer but did not differ significantly from the other PM treatments which also did not differ significantly from the NPK treatment. In the fourth week application of 9 t ha -1 PM + NPK continued to record the highest value of 22.8 cm while the control gave the lowest value of 14.0 cm. This week also follow the same trend as in third week in terms of differences except that 9 t ha -1 PM was significantly higher than 5 t ha -1 PM. In the fifth and sixth weeks, it also follows the same trend as the previous week. The 9 t ha -1 PM + NPK recorded the highest value of 30 cm and 38 cm for the fifth and sixth weeks, respectively while the control recorded the lowest values of 18.8 cm and 24 cm for fifth and sixth weeks, respectively. The results are presented in Fig. 1 . 
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The effects of soil amendments on leaf area index (LAI)
In the first week, the following recordings were made: 0.023, 0.023, 0.025, 0.025, and 0.025 for 5 t ha -1 PM + NPK, 7 t ha -1 PM + NPK, 9 t ha -1 PM + NPK, NPK only and control, respectively. At 5% probability level, there were no significant differences among the treatments. In the second week, there were no significant differences among the treatments. In the third week also, the application of 9 t ha -1 PM + NPK gave the highest value of 0.248. The 5 t ha -1 PM + NPK, 7 t ha -1 PM + NPK, NPK fertilizer only and the control recorded 0.223, 0.245, 0.147 and 0.101, respectively. The treatments with PM were significantly higher than the control and NPK fertilizer only. The fourth, fifth, and sixth weeks also followed the trend in the third week with 9 t ha -1 PM + NPK giving the highest values of 0.634, 1.134, 1.398 and the control recording the lowest values of 0.186, 0.474, 0.564. In the fourth, fifth and sixth weeks, however, there were significant differences among the PM + NPK combinations as compared to NPK only and control as shown in Fig. 2 . 
The effects of soil amendments on the yield of garden eggs
The application of 9 t ha -1 PM + NPK gave the highest yield of 262.5 t ha -1 . The control recorded the lowest yield of 180 t ha -1 . At 5% probability level, the yield of garden eggs from the application of 9 t ha -1 PM + NPK was significantly higher than all the other treatments. The 5 t ha -1 and 7 t ha -1 PM + NPK were also significantly higher than the control and sole NPK fertilizer treatments, which did not differ significantly in yield (Table 3) . 
DISCUSSION
The plant height for the first two weeks did not show significant difference except for the application of 9 t ha -1 PM + NPK which was significantly higher than the control at the end of the second week. This showed that the crops did not benefit from the soil amendments in the first two weeks. However from the third week the treatments that received PM and NPK fertilizer significantly grew faster than the control. At the end of the sixth week the plant height increased as the amount of PM application increased. This indicates that the PM in combination with the inorganic fertilizer was able to release enough nutrients for the growth of the garden egg. John et al. (2004) reported that PM contains essential nutrient elements associated with high photosynthetic activities and thus promotes roots and vegetative growth.
Also the leaf area index increased significantly from the third week with PM application. This indicates that PM was able to increase the vegetative growth. It has earlier been reported by Aliyu (2000) that poultry manure has profound effect on the vegetative development of garden eggs and it ensures healthy and vigorous growth of the crop. The leaf area index (LAI) from the application of 9 t ha -1 PM + NPK was also significantly higher than the other amount of PM applications. This observation may be due to the release of more nutrients from the highest amount of poultry manure application and also improvement in soil physical properties. Dauda et al. (2008) reported that PM promotes vigorous growth, increases meristematic and physiological activities in the plant due to the supply of plant nutrients viz. N, P, K and trace elements such as Ca, Mg, S, Cu, Na, Fe, Mn, B, Mo, Zn etc. which often result in the synthesis of more photo assimilates which are used in producing fruits. There is also improvement in soil properties such as increase in porosity, aggregate stability, and hydraulic conductivity and infiltration process.
It can therefore be said that increase in the amount of PM application results in increased in vegetative growth as reported by Dauda et al. (2005) . The yield of the garden egg increased significantly with the application of PM. The NPK fertilizer alone did not give significant increase in yield. Adediran et al. (2003) compared PM, house, market, and farm waste and found that PM at 20 t ha -1 had the highest nutrient content and greatly increased the yield of tomato and availability of soil macro-nutrient and micro-nutrients. The significantly high yields obtained in the present study could be attributed to the nutrient content of PM which was translated into high vegetative growth giving rise to high photosynthesis which culminated in the high yield. John et al. (2004) also reported that PM had positive effects on growth and yield of water melon which confirmed that PM contained essential nutrient elements that favour high photosynthetic activities to promote prolific root and vegetative growth. Yield also increased significantly as the amount of PM increased. This suggests that the higher the amount of application of manure the more the nutrients that are released for the growth and yield of the garden egg. Aliyu, (2002 Aliyu, ( , 2003 had earlier reported significant response in yield to different types of manure rate application.
CONCLUSIONS AND RECOMMENDATIONS
The addition of Poultry manure serves as good source of organic amendment for the growth and yield of garden eggs. The highest poultry manure application results in the highest growth and yield. The NPK fertilizer alone did not show any significant improvement. Poultry manure can therefore be used as amendment for the improvement of growth and yield of the garden egg in a sandy soil. This work proposes that integrated soil fertility management involving mineral and organic fertilizers, is ideal for the growth and yield of gardens.
